Examination of 40 specimens of Pseudocrenilabrus philander philander (Weber, 1897) collected from Padda Dam (26°10′S; 17°59′E), South Africa revealed the presence of a stomach monogenean of the genus Enterogyrus (Paperna, 1963) . The monogenean presented a prevalence of 52.5 % and mean intensity of 4.2. The body, surrounded by a thick cuticle which is striated transversally, is dorso-ventrally flattened. The haptor has two pairs of gripi, a lightly sclerotised ventral transverse bar and marginal uncinuli. The dorsal gripus has a bifurcate root and a curved blade which is shorter than the shaft and is larger than that of the ventral gripus. The genetic distance between E. coronatus and the present Enterogyrus species (0.24 %) confirms the morphological similarities. This study presents a new locality and host record of the genus Enterogyrus from South Africa and a review of the morphology and distribution of Enterogyrus species is also given.
Introduction
African fishes of the family Cichlidae are parasitized by five genera of monogeneans belonging to the family Dactylogyridae. The highly diversified Cichlidogyrus Paperna, 1960 , Onchobdella Paperna, 1968 and Scutogyrus Pariselle & Euzet, 1995 represent three genera infecting the gills. The two remaining genera; Enterogyrus Paperna, 1963 and Urogyrus Bilong Bilong et al. 1994 are endoparasitic, infecting the stomach and the urinary bladder, respectively. To date there are eight known species of Enterogyrus (Ancyrocephalidae), namely Enterogyrus cichlidarum Paperna, 1963 ; E. malmbergi Bilong Bilong, 1988 ; E. melenensis Bilong Bilong, Birgi & Lambert, 1989 ; E. barombiensis Bilong Bilong, Birgi & Euzet, 1991 ; E. foratus Pariselle, Lambert & Euzet, 1991; E. coronatus Pariselle, .... Lambert & Euzet, 1991 ; E. amieti Bilong Bilong, Euzet & Birgi, 1996 and E. crassus Bilong Bilong, Birgi & Euzet, 1996 . Previous records are mostly from West Africa (Bilong Bilong, 1988; Bilong Bilong et al., 1989; Bilong Bilong et al., 1991; Pariselle et al., 1991; Bilong Bilong et al., 1996) while a few records are from Egypt (Eid & Negm, 1987; Khird, 1990) and Israel (Paperna, 1963) . Other records are due to introductions of African hosts into other countries (Jiménez-Garcia et al., 2001; Jeronimo et al., 2010) . In South Africa, there has been a single record of Enterogyrus species from Middle Letaba Dam, Limpopo Province (Olivier et al., 2009) . In all previous descriptions and records of enterogyrids, species determination has been carried out using morphology and size of sclerotised parts of the attachment organs. The reproductive cirrus has been used for resolving species level identification. Nevertheless, molecular data from Enterogyrus species is still very limited; with only three sequences of Enterogyrus species available on GenBank (Mendlová et al., 2010; 2012) . The finding of many ancyrocephaline monogenean Enterogyrus specimens in the stomach of the southern mouthbrooder, Pseudocrenilabrus philander philander (Weber, 1897) prompted the present study. This paper presents the second record of Enterogyrus species from southern Africa, and uses both morphological and molecular data to identify the species from Padda Dam.
Materials and methods
Fish were collected in April 2013 on the University of Johannesburg grounds from the Padda Dam (26°10′S; 17°59′E). The dam is situated in the Westdene Tributary System which is one of the origins of the Limpopo River (South Africa). Fish were captured using hand nets and transported to the laboratory where they were kept in a holding tank with aerated dam water. Fish were killed by HELMINTHOLOGIA, 51, 1: 13 -22, 2014 A new locality and host record for Enterogyrus coronatus (Pariselle Lambert & Euzet (1991) in South Africa and a review of the morphology and distribution of Enterogyrus (Ancyrocephalidae) species severing the spinal cord immediately posterior to the cranium. The abdominal cavity of each fish was opened via a medio-saggital incision and the digestive system removed. The stomachs were removed, individually placed in Petri dishes containing 0.9 % physiological saline and subsequently examined with the aid of a dissection microscope. The parasites which were anchored to the stomach wall were gently removed with the aid of a needle.
Light microscopy studies A total of 30 parasites were preserved in 70 % ethanol for light microscopy studies. Ten specimens were mounted on glass slides using Gray and Wess solution (Humason, 1979) , covered with a cover slip and sealed with clear nail vanish. Ten additional specimens were stained with Hören's trichrome (Manual of Veterinary Parasitological Techniques, 1986) and five were stained with lignin pink and mounted in lacto phenol. A Zeiss Axioplan 2 imaging light microscope equipped with a camera and operated with Axiovision software (Carl Zeiss, Jena, Switzerland) was used to identify monogeneans through observations, micrographs, drawings and measurements. Measurements (in micrometres) are presented in the following order: (number of measurements) mean ± standard deviation (minimum-maximum). Dimensions of the haptoral structures ( Fig. 1 ) used follow those of Gussev (1962) as amended by Bilong Bilong et al. (1989) . The haptoral nomenclature follows that of Pariselle & Euzet (1995) . A comparison of the standardized measurements of sclerotised parts of known species of Enterogyrus (Table 1) was made by hierarchical clustering using IBM SPSS Statistics V. 21 (Statistical Package for Social Sciences, SPSS, Inc.).
Scanning electron microscopy
A total of 30 specimens were collected in this study, five of which were fixed and preserved in 70 % ethanol (Merck, Germany) for scanning electron microscopy (SEM). Specimens were prepared by dehydrating them in a graded series of ethanol and subsequently in a graded series of hexamethyldisilazane (Merck, Germany) after Dos Santos et al. (2013) . Samples were then sputter coated with gold and examined with a TESCAN Vega 3 LMH SEM (Brno, Czech Republic) at 5-10kV acceleration voltages.
Genetic Analysis
Five specimens were removed from the stomach wall and digested using a DNeasy TM Tissue kit (QIAGEN, Netherlands) to extract genomic DNA, as per the manufacturer's instructions. The large subunit region (LSU) of rDNA was amplified using primers C1 and D2 (Hassouna et al., 1984) . The amplification reaction was performed using a MultiGene Gradient system (Labnet International, Inc., USA) using the parameters set out by Matejusová et al. (2001) . The PCR products were run on a 1 % agarose gel and sequenced similarly to the method used by AvenantOldewage et al. (2013) . These sequences were aligned and edited in GENEIOUS Pro™ 5.0 software (Biomatters Ltd, New Zealand). All five sequences collapsed into a single haplotype and this sequence was aligned to the three other sequences for Enterogyrus retrieved from GenBank to determine the distinctness of this species. Sequences of two other dactylogyrid monogenea (Onchobdella) were recovered from GenBank to be used as outgroups in the phylogenetic reconstructions. The list of all taxa used for the present phylogenetic analyses is shown in Table 1 . Sequence alignment was performed using MacClade4 (Maddison & Maddison, 2005) with the resultant alignment analysed using PAUP 4* (Swofford, 2002) . Genealogical relationships between taxa were analysed using parsimony, likelihood and distance approaches, with the robustness of their topologies assessed using 1000 bootstrap replicates. 
Description (Fig. 2A-E).
Body size is (n = 22) 211 ± 126 (83.4 -341.1) μm long by 73.2 ± 38 (31.5 -115.5) μm wide at level of ovary. Small dorso-ventrally flattened, pear shaped. Thick, transversally-striated tegument around body. Anterior to pharynx are four dorsal ocelli: an anterior pair, small and wider spaced; posterior pair, larger than anterior pair, very close or in some specimens, merged on the median plane. Pharynx, medio ventrally positioned, (n = 22) 16.5 ± 7.7 (10.5 -28.2) μm long and 15.6 ± 7.3 (9.5 -26.5) μm wide. Haptor is (n = 22) 70.5 ± 22.5 (25.9 -90.3) μm at widest point and 70.5 ± 22 (26.7 -92.7) μm long, separated from body by a slight constriction; has a thinner tegument which lacks transverse striations characteristic of main body. Two types of haptors observed in specimens: cup shaped haptor and tongue shaped haptor, each is armed with 14 uncinuli, 2 pairs of gripi (ventral and dorsal) and a lightly sclerotised transverse bar. Tongue shaped haptor comprises two segments: an elongate posterior penduncular segment bearing the dorsal and ventral gripi, the transverse bar and ventral uncinuli I and II; and a bulbous anterior segment with hooklets III -VII positioned in an equatorial sphere with their tips directed anteriorly. Dorsal gripus has shaft (c) which is longer than the blade (b). Cirrus size (n = 10) 7.6 ± 2.7 (5.7 -13.5) μm wide at its base and (n = 11) 47.1 ± 15.1 (30.7 -66.6) μm long, tubular, median, situated slightly posterior to pharynx, forming a continuous spiral as in other species of the genus. Between its base and distal extremity are series of 3 spirals, followed by 2 longer spirals, and finally 3 tightly packed distal spirals. The spiral pattern, as proposed by Pariselle et al. (1991) , can be represented by the formula: 3-2-3. This spirality conforms to that described by Bilong Bilong et al. (1991) for E. malmbergi (Fig. 2E) . This monogenean presented a prevalence of 52.5 %, mean intensity of 4.2 and a mean abundance of 2.2 in Padda Dam. Although Enterogyrus globodiscus (Kulkarni, 1969) , E. papernai (Gussev & Fernando, 1973) , E. niloticus (Eid & Negm, 1987) and E. hemihaplochromii (Bender, 1979) appear in Table 2 , these species have not been included in the morphological comparisons (Table 3 ). The type species, E. cichlidarum was recorded from Israel by Paperna in 1963. Subsequent findings were mostly from West Africa, with some records from Germany (Bender, 1979) , America (Noga & Flowers, 1995) and México (Jiménez-Garcia et al., 2001) (Table 2, Figure 3) . In order to identify the present specimens which were collected from the stomach of P. p. philander in Padda Dam, morphological comparisons with previously recorded Enterogyrus species were done (Table 3) . There is limited genetic data on Enterogyrus species, hence a morphological phylogenetic comparison, based on haptoral metric dimensions was carried out and the results are presented in Figure 4 . The metric dimensions of all analysed features of haptoral sclerites of the present species correspond closely with the measurements given for E. barombiensis and E. melenensis (Table 3, Figure 4 ). However, E. barombiensis is different from E. melenensis and the present specimens in that it has a smaller shaft to blade ratio, a characteristic seen in E. malmbergi, E. crassus and E. amieti. On the other hand, E. cichlidarum, E. foratus, E. coronatus have a bigger shaft to blade ratio (Table 3 ). In general, there is no conspicuous variability in the dorsal and ventral gripi metric dimensions except in E. malmbergi and E. crassus, which have larger dimensions than the other six species. The former species also represent species with the longest transverse bars of 42.9 μm and 53.5 µm, respectively. Furthermore, when only the cirrus length is considered, the present species is closely related to all the other species except for E. crassus whose cirrus is discernibly longer than that of the other seven species (Table 3) . When the spirality of cirri of these three species was compared with that of the present species, a close resemblance with E. malmbergi was discerned. The spiral formulae E. cichlidarum is 1-2-3 and 5-2-3 while that of E. melenensis (4-2-3), is similar to that of E. foratus and E. crassus. Based on morphological data alone, the results were not conclusive enough to identify the specimens to species level; thus, molecular work was carried out to resolve these inconsistencies. The obtained genetic sequences of the South African specimens were very closely related to the sequence of E. coronatus from Senegal, except for two transitions in the LSU rDNA region. This was confirmed by the phyogenetic reconstruction in Figure  5 , which displays similarity between E. coronatus from Senegal and that from South Africa. The partial LSU rDNA sequences included four Enterogyrus species and two species of Onchobdella, Onchobdella aframae and O. bopeleti, which were included as outgroups (Table 1) . Based on the analyses of LSU rDNA sequences, the six species of cichlid parasites formed a clade with Onchobdella aframae as the basal taxon (Fig. 5) . Irrespective of the method of analysis, similar topologies were obtained and as such only a neighbor-joining tree is presented with the relevant statistical support indicated. There was no nucleotide variability (i.e. p-distance corresponding to 0.0024) between E. coronatus found in Tilapia dageti from Senegal and E. coronatus found in P. p. philander from South Africa (Table 4) . (Bender, 1979) , America (Noga & Flowers, 1995) and in México (Jiménez-Garcia et al. (2001) together with their African introduced hosts. The posterior uncinuli (pairs I and II) of the present specimens are discernibly smaller and thinner than anterior uncinuli (pairs III to VII). This observation was consistent for all specimens in the present study and supplements the observations made by Bilong Bilong et al. (1996) for E. amieti. In spite of the fact that posterior and anterior uncinuli of the other known species are indicated as of equal lengths, careful analyses of illustrations reflect larger, thicker anterior uncinuli and smaller, thinner posterior uncinuli. This seems to be a constant feature for all species of Enterogyrus. The organization of the haptor and morphology of the sclerotised structures of the present specimens is characteristic of the genus Enterogyrus. Although the specimens observed in this study possessed either a cup shaped or a tongue shaped haptor (Pariselle et al., 1991) , the number and shape of the sclerotised parts of the haptor remained unaltered. The presence of two types of haptors was also observed in specimens of E. amieti described by Bilong Bilong et al. (1996) . It is highly possible that the difference in haptor shape was brought about by specimen orientation during the preparation, fixing and mounting procedures. Some specimens may have retracted their haptors resulting in a cup shaped structure, while others may have extended their haptors have resulting in the tongue shaped structure. Enterogyrus coronatus was originally described from Tilapia guineensis (Bleeker, 1862) in Côte d'Ivoire and subsequently recorded from Tilapia dageti Thys van den Audenaerde, 1967 in Senegal by Mendlová et al. (2010; 2012) . The occurrence of this enterogyrid in P. p. philander from South Africa provides a new locality and host record. This is also the first time the parasite has been collected from a mouthbrooder. (Eid & Negm, 1987; Bilong Bilong, et al., 1989; Khird, 1990; Paperna, 1963; Paperna, 1979; Bilong Bilong et al., 1996; Olivier et al., 2009; Jeronimo et al., 2010; Eissa et al., 2011) . In addition, E. barombiensis has been recorded from Stomatepia pindu Trewavas, 1972 and from Konia eisentrauti (Trewavas, 1962) under natural conditions. Similar to E. cichlidarum and E.barombiensis; E. coronatus is thus a broad spectrum parasite; which infects both mouthbrooders (genus Pseudocrenilabrus) and substrate brooders (genus Tilapia). Simultaneous occurrence of two congeneric Enterogyrus species; one with a broad spectrum and another with an oïoxenous specificity, has previously been reported by Bilong Bilong (1988) and Bilong Bilong et al. (1996) . In the present study, only one enterogyrid species was recorded from P. p. philander. Similarly, only one oïoxenous Cichlidogyrus philander was recorded from the gills of the same host within the same locality (le Roux et al., 2011) , even though a greater richness for other cichlidogyrid species has been reported in other localitites. For example, in Cichlidogyrus species, richness of 17 has been reported from T. guineensis (Pouyaudi et al., 2006) . Monogenean species determination is generally carried out using morphology and size of sclerotised parts of the haptoral and reproductive organs. Morphological characters have been used to infer phylogenetic relationships between monogenean species (Pouyaudi et al., 2006) . Given the limited genetic data on Enterogyrus species, a morphological comparison approach, based on haptoral sclerites was followed in this study. This approach is open to extensive reconsideration once genetic data for most species are collected, as such data will add additional informative characters to morphological data. Although based on morphological data, the dendrogram obtained in this study provides the first interpretation on phylogenetic relationships among the enterogyrids. This should not be regarded as a definitive hypothesis on enterogyrid evolutionary history; the tree provides a phylogenetic hypothesis that may be tested based on molecular data. Pouyaudi et al. (2006) suggests that the morphology of Ciclidogyrus and Scutogyrus haptoral sclerites is more useful for inferring phylogenetic relationships than the morphology of their reproductive organs. On the other hand, reproductive organs are more suitable for resolving species-level identification, presumably because of its faster rate of change (Pouyaudi et al., 2006) . The use of the cirrus in Enterogyrus species determination was problematic in this study in view of the fact that different spe-cies presented inconspicuous differences in the length and spirality of the cirrus. For example, E. melenensis, E. foratus and E. crassus have a similar spirality of 4-2-3. This spiral formula is almost similar to that of E. coronatus which is 4-2-1+2. It is noteworthy that E. cichlidarum has a spiral formula of 1-2-3 and 5-2-3 while E. barombiensis and E. amieti have unique spirality formulae. These inconsistencies make it difficult to identify enterogyrids to species level. In addition, based on measurements of both haptoral and reproductive morphology structures, the present specimens were found to be closely related to E. barombiensis and E. melenensis. However, E. barombiensis is distinct in having a dorsal gripus with a shaft that is shorter than the blade. The only morphological characters that E. coronatus shares with the present specimens are: bigger shaft to blade ratio and cirrus length, characteristics which are also shared with E. melenensis. Furthermore, the present specimens are much smaller than E. coronatus type specimens collected from Côte d'Ivoire, thus, plasticity could be a possible explanation for this, demonstrating that geography, host related and environmental factors may influence the morphology of the hard parts. However, comprehensive sampling needs to be done across a wide range of geographical locations in order to make a more meaningful conclusion.
Although metrical dimensions of all analysed features of the haptoral sclerites and cirrus length and spirality of the specimens in this study did not correspond to those of E. coronatus, molecular work proved to be more useful in determining this species. The number of differences observed in the LSU rDNA region and the genetic distance of only 0.24 % between E. coronatus and the present species confirms that this species is E. coronatus. Studies on all enterogyrid species, based on molecular work data are needed to accurately determine enterogyrids to species level. Furthermore, enterogyrid data from other cichlids are necessary to formulate hypotheses on the origin and evolutionary history of these seemingly closely related fauna of monogenean flatworms.
